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* Timeline
— Project stated in Feb. 2010, ends July 2011.
— About 10% completed.
* Budget:
— Total project cost $1,499,910
— DOE share $1,199,928
— Awardee share $ 299,982
— Funding for FY10 $1,064,000

* Partners
— University of lllinois, Chena Power LLC
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Power Output degradation at high ambient (C. Kutscher, D.
Costenaro, 2002, Geothermal Resources Council Annual Meeting, Reno, Nevada.)
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Objective: To improve the efficiency and output variability of
geothermal-based ORC power production systems with minimal
water consumption by deploying: 1) a hybrid-water/air cooled
condenser with low water consumption and 2) an enhanced turbine
with high efficiency.

Innovation:

= Hybrid-cooled condenser

= Combined mist evaporative pre-cooling and mist deluge evaporative
cooling at the condenser surface

= Microchannel heat exchanger

= Enhanced turbine
= Diffuser boundary layer control
= Variable nozzle

= Geothermal-driven pure water supply based on LGMD (liquid gap
membrane distillation) technology
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Task 3 Task 4
Optimum Design Feasibility Analysis
of an Enhanced of Geothermal-Driven
Geothermal ORC System LGMD Pure Water Supply

Enhanced Geothermal
ORC System Model

Task 1 1. ‘.. Task 2
Validated Hybrid-Cooled Validated Enhanced
Condenser Model Through Turbine Model Through
Lab-Scale Testing Sub-Scale Demonstration
« i ) :

Evaporative Cooling Models Enhanced Turbine Design

+ Mist Pre-cooling * Variable Nozzle

+ Mist Deluge Cooling + Diffuser Boundary Layer Suction
Collaborating with U. lllinois Collaborating with Chena Power
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Task 1 Hybrid-Water/Air- cooled Condenser Development utrRCAULE I e

Tazk 1.1 Trade Space Definition for Hybrid-wisterisir-Cooled Condensers UTRC ' ‘?_ggggr%ﬂ"-’rﬁ gl':é'%'gﬂg

Taszk 1.2 Develop mist evaporative pre-cooling and mist deluge evaporstive cooling modsls | Jrreiue : :
condenser model review
Tazk 1.3 Develop hybrid-waterfai- cooled condenzer madel UTRCLILC

Tazk 1.4 Validate the hybrid-waterfair-cooled condenser model by experiment UTRCUIUC

Task 2 Enhanced Turbine Technology Development
ced turbine

Tazk 2.1 Evaluateidesign variable nozzle UTRC -
: — _ h complete
Tazk 2.2 Evaluateidesign boundary layer suction in the diffuser UTRS _
UTRCS enhanced turbine design review g
Chena : : :

Taszk 2.3 Design, Procurefdemonstrate enhanced turkine technology

Task 3 System Design & Optimization UTRCAIC _

Task 3.1 Complete the gecthermal ORC system model UTRC :

Tazk 3.2 Provide an optimum design for PureCycle® Paywer ORC aystem UTRCAILIC Dptir‘n!_lr‘n SH";Stem dESI’Qn rE'-.fI'EW'
Task 4 Feasibility analysis of geothermal-driven LGMD pure water supphy UTRC Fure vstar ésupm? TeaséW
Task 5 Project Management and Deliverables Reporting UTRC . . . Al fEon

¥ Technical Milestones (¥  GuMNo-Go Decision Point (OF) DP1 DP2
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and Progress

Expected Outcomes:
* A validated hybrid-water/air-cooled condenser model

* A verified enhanced turbine design
* An optimized design for UTC's PureCycle® geothermal

ORC system that integrates both technologies
« A feasibility analysis of geothermal-driven LGMD pure

water supply

« Potential impact: improving power output by over 30% during the
hottest parts of summer with an annual-basis improvement of at
least 8% is possible from this technology.
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Hybrid-Cooled
Condenser
Dev.

Enhanced
Turbine Dev.

ORC System
Model &
Optimization

Feasibility of
Geothermal
Driven LGMD
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Fmal Review
(7/11)

Condense
model review

Optimum ORC system
design review

Gate 1 TR TR Gate 2
(4/10) (7/10) (9/10) (10/10) (4/11)
Evaporative cooling Preliminary
model COTte validation results
A A
— I I 1 >
Enhanced turbine Turbine technology
design complete demo complete
I I 1
Enhanced ORC system
model complete A
I : . >
Pure water supply
1 UTRC

/1 U. lllinois

Chena

feasibility re}i:w
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2010 Spending Plan

1200

Key Milestones by Decision Point:
1000 Evaporative cooling model completion
Enhanced turbine design completion
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« Complete upcoming key milestones (2010):

— Develop mist evaporative cooling model and hybrid-cooled condenser model,
and validate the model

— Develop enhanced turbine design and procure hardware
— Develop hybrid-cooled enhanced turbine geothermal ORC system model

« Explore technology insertion potential for both hybrid-cooled
condenser and enhanced turbine not only in the geothermal ORC
applications, but also in a broad range of DOE applications, such
as air conditioning/ refrigeration, as well as steam power plants.

« Engage UTC business units associated with the project to ensure
successful technology transfer and commercialization.
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* Project objective is to improve geothermal ORC plant output
variability and efficiency with minimal water consumption by
deploying a hybrid-cooled condenser and an enhanced turbine.

* Project has been initiated and executed according to the
management plan.

» Technology insertion potential is large for geothermal ORC as well
as air conditioning/refrigeration and steam power plants.
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